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INVESTIGATION OF A D-C ARC AT INCREASED PRESSURE

A, N. Zaydel', A. G. Zhiglinskiy, and E. A. Karklina

A number of authors [1-3] have pointed out the important-.
role played by diffusion processes in the removal of atoms from
g discharge zmone. In [4] an attempt was made to explore the ;
possibility of increasing the sensitivity of spectroanalytical.”
determinations in a d-c arc at increased pressure. The setup
employed has already been described [4].

Fig. 1 shows photographs of the spectrum of lithium,
excited at carbon dioxide pressures of 1 and 7 atmospheres. It
is clear from the spectrogram that when the pressure is Increased
the lithium and copper spectrum becomes more intense. :The in-
crease in pressure was also accompanied by an increase in the

sample burn-up time, sdﬁth££‘the integral I Idt (where t =

o
burn-up time, I = intensity of line Li I 6103) is nine times
greater. The relative intensity of the lithium line with re-
spect to the background increases 11 times. It should be noted
that in studying the spectra of other elements it is uswal to
observe a certain increase in the continuous spectrum with in-
creasing pressure.

Fig. 2 shows the intensity of the lines of a number of
elements plotted against pressure. These elements formed a
few percent of the composition of copper-based alloys. The
investigation was concentrated on the lines recommended in [5]
for analytical purposes. It is noteworthy that the copper lines

o [0}

Cu I 5292 A and Cu I 5782 A with different excitation potentials
7.74 and 3.79 ev) [6] increase in intensity to the same extent.
The spectra of iron-based alloys do not develop a significant
effect (only 1.5 to 2 times), like the spectrum for iron present
in copper in the form of an impurity (except for the line Fe I
3175, ?or which a sevenfold increase in intensity was dbserved,
Fig. 2

We studied the roles of wvarious factors affecting the
intensity of the lines in the arc with the spectrum of the
lightest element Li, for which the relative part played by
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Fig. 1. Photographs of spectrum of arc at
atmospheric pressure (a) and at a pressure
of 7 atm (b). ILithium introduced into
erater of carbon cathode. Copper anode.
Discharge current 6 amps.

diffusion in the process of removal of atoms from the discharge
zone ought to be most important. -

An increase in pregsure is accompanied by a pinching of
the discharge [7]. In order to determine the degree of contrac—
tion of the discharge, an image of the arc, turned through 90° with
the aid of a system of mirrors, was projected onte the inlet slit ’
of a spectrograph. H8rmann's method [8] was used to convert the
intensity distribution found experimentally to the radial., From
the curves obtained it followed that when the pressure was in-
creased to 7 atm, the half-width of the radial intensity distri-
bution diminished about 1.9 times. The volt-ampere character-
isties of the arc for 1 and 7 atm practically eoincided, which is”
in accord with the data of [9,10].

The concentration of atoms in the discharge depends both
on the processes of removal and the processes of supply of matter.
In studying the rate of supply it proved that the rate of evapora-
tion of lithium from the cathode crater and the amount transferred |
to the anode varied little with increase in pressure. -

From the above it is clear that on increasing the pressure ™
in the arc we must expect an increase in the temperature of the
plasma. A study of the temperature in the peripheral parts of
the discharge, where lithium is brightest, is best carried out
with the aid of lithium lines. We measured the temperature from
the relative intensity of the limes Li I 6103 and Li I 6707. ;
Since it is difficult to free the Li I 6707 line from self-absorp-
tion, it is convenient to use Sobolev's method [11] of determining
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Fig. 2. Variation of relative
intensity of spectral lines of
several elements with increase
in the pressure in the arec.

the temperature in the event of large optical thicknesses of the
radiating layer. In this connection we were obliged to make two ™.
further agsumptions: 1) that for the lines investigated the ratio %
of the effective cross sections for collision of a radiating atom
with molecules of the discharge carrier does not depend on the ”
pressure, and 2) that the optical thicknesses of the layers ab-
sorbing the 6103 and 6707 & lines are equal. The latter is con-
vineing in the light of the data of [12].

The relative intensities of these lines were measured for
the concentration of lithium in the discharge at which the intemsity
of the two lines varied as the square root of the concentration of
lithium in the sample.
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Results of measurements: T1 -T
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the discharge at 1, 4, and 7 atm, respectively. This change in

temperature should produce 3.5- and 5-fold increases in the intensityi«
of the Li 6103 line.

4 = 2.8-10—5 degrees = and

3.6-10"5 degrees_l, where T., T,, T, = temperatures of
R T



A decrease in intensity ought to result from contraction

layer and decrease in the diffusion lifetime of atomg in the dis-

charge zone [1]).

of ionization, magnitude of radial field) on the intensity of the
source is still difficult to estimate.

The data obtained give us reason to suppose that the light -,

source previously proposed [4] may prove to be promising for in-
creasing the sensitivity of spectroanalytical determinations and
merits extensive investigation.
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DISCUSSION

V. I. Mosichev. If we neglect convection, then the increase

The effect of a number of other factors (degree i
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of ihe discharge (due to decrease in the thickness of the radiating



in the intensity of the lines due to a diminution in the diffusion
of atoms from the discharge cloud ought to be proportional to the
pressure. However, according to the Kramers-Unsdld theory, there is
a simultaneous increase in the intensity of the continuous spectrum,
due to recombination of lons and electrons. Therefore, in the
general case, 1t is difficult tc anticipate a significant increase
in the ratio Ix/;@ with increase in pressure. Our preliminary ex-
periments with a d-c arc in the range of gas pressures (Ar, Nz, 602)
from 1 to 100 atm confirm the correctness of these remarks. The
increase in the ratio ;K/IQ’ obtained for Ii by the authors of the

article, is apparently a special case and conditioned by a decrease
in the intensity of the molecular spectrum.
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